In this article we study the effect of change in the market value of corporate real estate (CRE) assets on firms' stock returns. We show that a positive shock in the value of CRE assets positively affects stock returns of real estate owning firms. We further document -"real estate based stock return comovement" -that is, stock returns of firms which either experience increase in their pledgeable collateral, or own higher proportion of CRE assets, or both comove with each other and this comovement is cyclical in nature. We also show that the degree of comovement is higher in the periods of increasing values of CRE, as well as for firms that are financially constrained and headquartered in the same geographical area. * We thank Miguel Anton, Miguel Canela, Albert Saiz, Carles Vergara-Alert and seminar participants at IESE Business School for their helpful comments.
Introduction
Real estate assets represent a significant portion of many non-real estate firms total assets. Roulac (2003) estimates that the book value of real estate assets owned by non-real estate firms was approximately $8.6 trillion in the early 2000s. Despite real estate's importance in the production processes of many firms, empirical investigations into the effects of owning, leasing, or renting are limited (e.g., Alvayay, Rutherford, and Smith (1995) ; Michael, Arjun, and James (2001) ). In this paper, we study how change in market value of corporate real estate (CRE) assets affect stock returns of firms. We further analyze how ownership of CRE assets leads to what we term as "real estate based return comovement". We examine the effect of both, proportion of CRE assets to total assets and change in the market value of firms CRE assets on return comovement.
Our main findings can be summarized in three sets of results. First, we test the effect of real estate prices on stock returns. We find that an exogenous positive shock to the value of CRE assets leads to an increase in firm's stock return. Second, we demonstrate the effect of CRE asset ownership on return comovement. We document that returns of the firms owning higher proportion of CRE to total assets comove with each other. Third, we show how shocks to the real estate prices affect return comovement. Using state and MSA level residential prices, we find that firms which own higher proportion of CRE assets and located in regions which experienced positive shock in real estate prices exhibit a greater degree of return comovement.
"Collateral channel" is the main channel through which real estate prices affect firm's stock return. Firms use CRE assets as collateral to obtain debt. Through this "collateral channel", positive shocks to the value of CRE assets allow firms to increase their investment (Chaney, Sraer, and Thesmar (2012) ), leverage (Cvijanović (2014) ), and payout (Kumar and Vergara-Alert (2015) ).
These changes in corporate policies affect firm's future cash flows. Especially by increasing investments in the positive NPV projects, firms expect an increase in their future cash flows. Discounted value of these expected cash flows is reflected in the current stock price. Since firms and investors have better expectations of the future cash flows, this results in the positive stock return.
The extent to which stock prices move together is an important issue in portfolio analysis and asset pricing. The traditional view of comovement holds that stock prices move together in response to market-wide information. Recent research shows several specific sources of stock return comovement that appeared unrelated to fundamentals. For example, Pirinsky and Wang (2006) find that stock of the firms in same city tend to move together. Barberis, Shleifer, and Wurgler (2005) show that stocks in S&P 500 index comove with other members of the index.
In this paper we find a new source of return comovement related to firms holding of real estate assets. Tuzel (2010) finds that firms with relatively high share of real estate capital are riskier and have higher stock returns. This is because CRE assets are long lived assets and firms with high concentration of real estate in their capital stock are more vulnerable to negative economic shocks. The heightened risk of real estate investment relative to other forms of capital requires that investors demand a return premium to invest in firms with relatively high concentrations of real estate ownership. Tuzel (2010) empirically shows that returns of firms with high concentrations of real estate ownership in their capital stock exceed the returns of firms with low concentrations by 36% annually, adjusted for exposure to standard risk factors. Using an international sample of firms over the 2001 − 2006 period, Yu and Liow (2009) also find that high concentrations of real estate ownership are associated with increased stock market performance. Given that firms that own real estate or have significant lease commitments are more prone to negative shocks, we argue that stock return of these firms comove. Based on this argument, we expect higher stock return comovement in firms with higher ratio of real estate to total assets. We find that the effect of real estate holdings on return comovement is cyclical in nature. we use recent financial crisis as a natural experiment to test the effect of change in real estate prices on return comovement. A decrease in real estate prices makes real estate assets less valuable and hence their effect on overall business decreases. This decreases the riskiness of such assets. We test our specification during the peiod of increase in real estate prices (2001 − 2006) which we call the boom period, and during the decrease in real estate prices (2007 − 2011), which we call the bust period. We find the return comovement is significantly higher in boom compared to the bust period.
As we mention above, extant literature establishes that positive shock in real estate prices make firms use collateral channel to increase their investment (Chaney, Sraer, and Thesmar (2012) ), leverage (Cvijanović (2014) ), and total payout (Kumar and Vergara-Alert (2015) ). It shows firms change their corporate decisions in response to an increase or decrease in the market value of CRE assets. Hence exogenous shocks to the collateral value also generate shock in corporate decisions of firms. This results in return comovement among firms which experience shocks to the value of their CRE assets.
Contribution of this paper is threefold. First, we contribute to a growing body of literature that analyzes the effect of corporate real estate on corporate policies (for example, see Chaney, Sraer, and Thesmar (2012) , Cvijanović (2014) , Kumar and Vergara-Alert (2015) ). Chaney, Sraer, and Thesmar (2012) analyzes how shocks in real estate prices affect corporate investment decisions. They show that a $1 increase in CRE assets increases corporate investment by $0.06. Cvijanović (2014) analyzes the effect of real estate prices on the capital structure of the firm. Kumar and VergaraAlert (2015) examines the effect of real estate prices on payout policy and dividend smoothing.
Second, we contribute to the literature that incorporates real estate into the asset pricing framework (for example, see Stambaugh (1982) , Flavin and Yamashita (2002) , Lustig and Van Nieuwerburgh (2005) , Tuzel (2010) ). Stambaugh (1982) tests CAPM by constructing a market portfolio that includes returns for real estate in addition to bond, consumer durables and common stocks. Flavin and Yamashita (2002) consider portfolio choice with exogenous returns in the presence of housing. Lustig and Van Nieuwerburgh (2005) find that a decrease in the ratio of housing wealth to human wealth predicts higher returns on stocks. Tuzel (2010) studies the relationship between CRE holdings and the cross-section of stock returns.
Third, our paper is related to the literature on stock return comovement which is not explained by fundamentals (for example, see Pirinsky and Wang (2006) , Barberis, Shleifer, and Wurgler (2005) ). Other recent papers which are directly related to this literature are Green and Hwang (2009) and Eun, Wang, and Xiao (2015) . Green and Hwang (2009) find that similarly priced stocks move together. Eun, Wang, and Xiao (2015) show that culture affects correlations in investors trading activities which leads to stock price comovement which is more (less) in culturally tight (loose) and collectivistic (individualistic) countries. To the best of our knowledge, ours is the first paper studying real estate based return comovement.
The remainder of the paper is structured as follows. Section 2 presents the hypotheses development. Section 3 describes the empirical data. Section 4 provides a detailed description of the empirical model. Section 5 presents the empirical estimates. Finally, section 6 provides a brief summary conclusion.
Theoretical Predictions
Firms use CRE assets as collateral to obtain debt. Through this "collateral channel", positive shocks to the value of CRE assets allow firms to increase their investment (Chaney, Sraer, and Thesmar (2012) ), leverage (Cvijanović (2014) ), and payout (Kumar and Vergara-Alert (2015) ).
These changes in corporate policies affect firms future cash flows. Firms utilize the increased borrowing capacity as a result of appreciation in their collateral value to invest more in the available investment opportunities. Since more investment is made in the positive NPV projects, firms expect an increase in their future cash flow. Discounted value of these expected cash flows is reflected in the current stock price. Since the firms and investors have better expectations of the expected cash flows, this results in the increase in stock price and positive stock return. Hence we hypothesize:
Hypothesis 1 A positive shock in the value of corporate real estate (CRE) assets leads to an increase in the firms stock return. Tuzel (2010) finds that firms with relatively high share of real estate capital are riskier and have higher stock returns. This is because CRE assets specific and irreversible in nature and hence are more vulnerable to negative economic shocks. The heightened risk of real estate investment relative to other forms of capital requires that investors demand a return premium to invest in firms with relatively high concentrations of real estate ownership. Hence exposure to the risk of real estate assets cause a degree of comovement among firms owning a higher proportion of real estate to total assets. Hypothesis 2 summarizes this conjecture.
Hypothesis 2 Stock return of firms present a comovement which share a similar real estate to total assets ratio.
As we mention above, appreciation in the collateral value affects firm's leverage, investment and payout decisions. That is, firms change their corporate decisions in response to an increase or decrease in the market value of CRE assets. A shock in the real estate prices translates into a business shock for firms owning real estate assets. This leads to our argument that firms experiencing appreciation in the market value of their CRE assets take change some of their corporate decisions which are similar in nature. For example, an increase in collateral value make real estate owning firms to increase their investment which increases their expected future cash flows. Through collateral and substitution channel, such firms also increase their payouts. An increase in payout has shown to perceive positively by the shareholders. These similar changes in corporate policies of real estate owning firms results in the comovement of their stock returns. This leads to our third hypothesis:
Hypothesis 3 A positive shock in the value of CRE assets leads to stock return comovement among firms experiencing similar changes in the value of their CRE assets. we could start our sample from 1989. Second analysis is about utilization of collateral channel for which we follow Chaney, Sraer, and Thesmar (2012) to construct the measure of market value of CRE assets. The accumulated depreciation on buildings (COMPUSTAT item No. 253) is not reported in Compustat after 1993. Hence we need to restrict our sample to firms active in 1993 when measuring the market value of real estate assets.
Data
Therefore to have a common time period for all the analyses, the base sample of this study contains the universe of publicly traded U.S. firms available in COMPUSTAT from 1993 to 2013.
As standard in the literature, we omit the firms that belong to the finance, insurance, and real estate industries. We define corporate real estate (CRE) holdings as the ratio of Property, Plant & Equipment (PPE) (COMPUSTAT item No. 8) to book value of assets (item No. 6). We omit firms with missing value of PPE and total assets. .
Stock returns and other accounting data
Stock return and other accounting data come from the intersection of CRSP monthly files and COMPUSTAT. To ensure the robustness of variable, we employ 3 different measures of stock returns. First, we take stock return (or raw return) as it is reported in CRSP. Second, we compute excess return by subtracting risk free rate from raw return. Third, we calculate return residuals by discounting the effect of Fama−French−Carhart factors.
For the comovement analysis, we form pairs of the stocks in order to calculate pair−wise correlation of stock returns. Table 1 reports number of unique pairs for all the active Compustat firms in 1993 with non-missing total assets. We employ control variables standard in the comovement literature. First, we control for similarity in stock characteristics. For this we follow Anton and Polk (2014) and use SAMESIZE, SAMEBEME, AND SAMEMOM as controls. These are calculated as negative of the absolute difference in percentile ranking for above mentioned characteristics across a pair. We also control for industry because we expect firms in similar industries to covary more. For this we measure industry similarity as the number of consecutive SIC digits (NUMSIC ), beginning with the first digit, that are equal for a given pair. Since ownership of real estate assets may be correlated with firm size, we also create size controls. We define SIZE1 as the size of size of larger stock in the pair and SIZE2 as the size of smaller stock in the pair. We also control for interaction of SIZE1 and SIZE2.
[Insert table 1 around here] Finally, previous research by Fama and French (1993) and Carhart (1997) documents the link between characteristics, like growth or value, small cap or large cap, momentum and reversal, and sensitivity to common return factors. Hence we expect higher correlation between two stocks if they have a greater similarity in the aforementioned characteristics. By using the correlation of FamaFrenchCarhart residuals and not raw returns as our dependent variable, we hope that a good portion of the variation has already been removed. 1
Corporate real estate assets
To measure the market value of a firm's real estate collateral, we define the firm's real estate assets as the sum of the three major categories of property, plant, and equipment (PPE): PPE land and improvement at cost (COMPUSTAT item No. 260), PPE buildings at cost (COMPUSTAT item No. 263), and PPE construction-in-progress at cost (COMPUSTAT item No. 266) . Because these assets are valued at historical cost rather than marked-to-market, we follow Chaney, Sraer, and Thesmar (2012) to recover Compustat market value by calculating the average age of the assets and estimating their current market value using market prices. The detailed steps to recover the market value of a firm's real estate assets are as follows.
First, we calculate the ratio of the accumulated depreciation of buildings (COMPUSTAT item No. 253) to the historic cost of buildings (COMPUSTAT item No. 263) and multiply it by the assumed mean depreciable life of 40 years (see Nelson, Potter, and Wilde (2000) 
Measures of land supply
To control the potential endogeneity problem of local real estate prices, we follow ?) and ?) and instrument local real estate prices using the interaction of long-term interest rates and local housing supply elasticity. We use the local housing supply elasticities provided in Saiz (2010) and Glaeser, Gyourko, and Saiz (2008) . These measures capture the amount of developable land in each MSA and are estimated by processing satellite-generated data on elevation and presence of water bodies.
Empirical Strategy 4.1 Real Estate Prices and Stock Returns
Our empirical strategy adapts the analyses in Chaney, Sraer, and Thesmar (2012) and Cvijanović (2014) for their studies of corporate investments and capital structure, respectively, to our analysis of the firms' stock return.
We run the following specification for stock return of firm i with headquarters located in location l at year t, P ayout l it . Firm stock return can be raw return, excess return, return residual after discounted for the fama-french factors.
where Return l it represents 3 different dependent variables: raw stock return as reported in CRSP, excess return which is calculated as difference of raw return and risk free rate, and return residuals after discounting for fama-french factors of firm i with headquarters located at location l at year t.
REV alue l it is the ratio of the market value of the corporate real estate assets that firm i owns in location l in year t to lagged PPE and P l t controls for the level of prices in location l (state, MSA, or city) in year t. We control for firm-fixed effects, α i as well as year-fixed effects, δ t . Controls it denote a set of firm level controls. Standard errors, it , are clustered at the state, MSA, and city level.
In the above specification, there are two possible sources of endogeneity. First, real estate prices could be correlated with the stock return of the firm. Second, the decision to hold real estate may not be random. It could be related to the payout policy of the firm. We adapt the empirical strategy in Chaney, Sraer, and Thesmar (2012) , to address the first endogeneity problem. We estimate the following equation predicting real estate prices P l t for location l at time t:
where Elasticity l measures constraints on land supply at the MSA or city level, IR is the nationwide real interest rate at which banks refinance their home loans, α l is a location (MSA or city) fixed effect, and δ t captures macroeconomic fluctuations in real estate prices, from which we want to abstract.
To address the second endogeneity problem, we control for initial characteristics of firms interacted with the real estate prices. If those controls identify characteristics that make firm i more likely to own real estate, and if those characteristics also make firm i more sensitive to fluctuations in real estate prices, controlling for the interaction between those controls and the contemporaneous real estate prices allows to separately identify the channels that we are interested in. Controls that might play an important role in the ownership decision are five quantiles of age, assets, and return on assets, as well as 2-digit industry dummies and state dummies.
We estimate the following IV specification while controlling for the observed determinants of real estate ownership to ensure that any interaction between CRE value changes and the stock return of the firm comes only from shocks to the values of the firm collateral:
In this equation, X i k denote the controls that might play an important role in the real estate ownership decisions.
Real Estate based Comovement
We run following specification to meausre the effect of amount of real estate holding on the stock comovement.
where ρ ij,t is the within year realized correlation of each stock pair's monthly four factor abnormal returns. CRE decile ij,t is the deciles with value 1 to 5 which are calculated from the ratio of PPE to book value of assets. X ij,t contains a set of pair characteristics that we use as controls.
Tuzel (2010) shows that firms holding real estate are riskier than firms not holding real estate,
we expect stock return of real estate holding firms to comove together. Hence we expect a positive and significant β which suggests returns of firms in higher deciles of corporate real estate correlate more with each other.
Firms owing CRE assets increase their investment (Chaney, Sraer, and Thesmar (2012) ), leverage (Cvijanović (2014)), and total payout (Kumar and Vergara-Alert (2015) ) in response to positive shock in real estate prices. Change in these corporate decisions affect cash flow of these firms which ultimately affect their current share prices. Hence, we expect an increase in return comovement when firms owning more CRE assets are also located in areas which experienced positive shock in real estate prices. We estimate below specification to test this effect.
where CRE change decile ij,t is the deciles with value 1 to 5 which are calculated from the appreciation or depreciation in the market value of CRE assets. Pirinsky and Wang (2006) show that stock returns of the firms located in the same MSA comove.
Hence we expect a higher degree of comovement of stock returns among firms which hold real estate and located in the same Metropolitan Statistical Area (MSA). To test this effect we change our main specification to interact independent variable (CRE decile) with SAMELOC. SAMELOC is a dummy variable which takes value 1 when firms in a pair are located in the same MSA. We expect the β coefficient obtained in this specification is bigger than the β in main specification.
Main Results
In this section we present our main results. First, we show that a positive shock in the value of CRE assets leads to positive stock returns. strategy where real estate prices are instrumented using the interaction of interest rates and local constraints on land supply. Across all the columns and panels, we find that REV alue coefficient is positive and significant the the 1% confidence level which suggests that an appreciation in the firm's collateral value results in positive stock returns.
[Insert table 2 around here]
Next we show that stocks of the firms with higher portion of real estate assets comove more. Table 3 reports this result. Firms are divided into 10 deciles based on the ratio of real estate assets to total assets. In first column, we estimate simplied version of equation 4 without any controls.
We find that CRE decile is highly significant with t-statistic of 30.9. It suggests that correlation of stock returns among firms in higher deciles of corporate real estate assets is more than firms in lower deciles. In second column, we run our specification with all the control variables. The CRE decile coefficient remains highly significant at 1% level. 2
[Insert table 3 around here]
Firms use CRE assets as collateral to expand their borrowing capacity. Hence any change in the market value of CRE assets significantly affects firms corporate policies (e.g. leverage, investment, and payout). A positive shock in the value of CRE assets increases firms financial flexibility and make them less financially constrained. This helps firms to increase their investment and payout.
Hence an increase in real estate prices affects businesses (and hence stock returns) of firms owning real estate assets in the same proportion. To test this, we divide firms into five quantiles based on the market value of their CRE assets and examine correlation of stock returns of firms in each bucket. We find that stock returns of firms in higher quantiles present a greater degree of comovement. In support of our hypothesis 3, we find that the quantile coefficient in table 4 is positive and highly significant across both the specifications.
[Insert table 4 around here]
Firm location and real estate based comovement
Firms located in the same geographical areas have shown to present a degree of return comovement. Pirinsky and Wang (2006) find that stock of the firms in same city tend to move together. They argue that price formation in equity markets has a significant geographic component linked to the trading patterns of local residents. Dougal, Parsons, and Titman (2015) show that a firms investment is highly sensitive to the investments of other nearby firms headquartered firms. [Insert 
Financial constraint and real estate based comovement
Several existing theoretical studies (Almeida and Campello (2007) ; Rampini and Viswanathan (2010) ; Giambona and Schwienbacher (2008) ) have pointed out that pledgable assets are particularly useful in enhancing borrowing capacity of credit constrained firms, but not of unconstrained ones. Cvijanović (2014) empirically shows that while the effect of real estate prices on leverage is positive and significant for both constrained and unconstrained firms, the effect is more pronounced for constrained firms. Hence we find it important to examine real estate based comovement for constrained vs. unconstrained firms. Since change in collateral value has higher effect on financially constrained firms, we expect the return comovement to be higher among these firms as compared to financially unconstrained firms.
We follow Almeida, Campello, and Weisbach (2004) to assign firms as financially constrained vs unconstrained. In every year over the 1993 to 2013 period, we rank firms based on their payout ratio and assign to the financially constrained (unconstrained) group those firms in the bottom Table 6 reports the comovement regression results of estimation 4 for constrained and unconstrained groups based on the payout ratio. As shown in the first two columns, the quantile coefficient for the constrained firms is positive and significant for the constrained group. the same coefficient is either not significant (column [3]) or smaller in magnitude (column [4] ) for the unconstrained group. These results provide evidence that a positive shock in the real estate prices leads to greater degree of stock return comovement among firms that are most exposed to financing imperfections -financially constrained firms.
[Insert table 6 around here]
Leverage and real estate based comovement
In this section we test the effect of shock in real estate price on return comovement among firms with high or low leverage. A more valuable collateral is useful for firms which have the ability to increase its debt level without without suffering from debt overhang. A debt overhang is a situation in which a borrower is debt-ridden and unable to raise funds for an otherwise profitable project (Tirole (2010) ). Hence, we expect a positive shock in real estate value positively affects business for firms which are low leveraged and hence results in return comovement. Such effect is not expected for firms which are highly leveraged.
Panel A in table 7 [Insert 
Boom vs Bust
In this section we examine whether corporate real estate effect on stock return dynamics is different have seen a huge surge during the boom and huge drop during the bust period. When real estate prices are high, they make real estate assets highly valuable for firms and become a significant proportion of total asset value. This makes real estate more significant for the business and hence their riskiness increases. On the other hand, during the bust period, a drop in real estate prices makes real estate less valuable and value of real estate assets represents a lesser proportion of total asset value. This makes real estate less significant for the business and hence their riskiness decreases. Based on this argument, we expect the return comovement among firms holding more real estate is high during the period of increase in real estate prices and low during the period of decrease in real estate prices. Table 8 As expected the CRE decile coefficient is higher in the boom period compared to the one in bust period. Both the coefficients are significant at the 1% confidence level.
Conclusions
This paper examines the impact of owning real estate assets and change in the market value of corporate real estate (CRE) assets on firms stock returns. We document that positive shocks to the value of CRE assets lead to positive stock returns.
This study also documents real estate based comovement. We find that stock returns of the firms owning higher proportion of real estate assets comove with each other. We further show a degree of return comovement if such CRE asset ownership firms experience an appreciation in the collateral value of their CRE assets. Real estate based comovement is cyclical in nature.
Our analysis is focused on the firm level impact of real estate prices on stock returns. Carrying out an industry level analysis would reveal which industry returns are more prone to shock in the real estate prices. A macro level analysis could also be an interesting area of research for policy makers, company managers and investors. 
